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ABSTRACT 

Papers on t h e  management of  randomly vary ing  renewable r e sources  have 

been concerned wi th  unce r t a in ty  i n  the  popula t ion  dynamics. O p t i m a l  

management regimes i n  these  circumstances depend on t h e  popula t ion  s i z e ,  

which u s u a l l y  only can be obta ined  a t  a l a r g e  c o s t .  I n  t h i s  paper ,  a lgor i thms 

a re  d iscussed  which a l low e i t h e r  f o r  a de lay  i n  ob ta in ing  t h e  popula t ion  

s i z e ,  o r  N yea r s  t o  e l a p s e  between popula t ion  estimates. The a lgor i thms 

are app l t ed  t o  a model of salmon runs  and t o  an anchovy growth model. I n  

each i n s t a n c e ,  c o n s i s t e n t  in format ion  de lay  i s  found t o  be c o s t l y ,  wh i l e  

f r equen t  surveys a l s o  a r e  found t o  b e  c o s t l y .  These r e s u l t s  raise ques t ions  

as t o  t h e  t r a d i t i o n a l l y  held view on t h e  va lue  of in format ion ,  and sugges t  

t h a t  managers may p r e f e r  surveys f o r  reasons  o t h e r  than management p o l i c y  

p e r  se. 
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I n t r o d u c t i o n  

The treatment of u n c e r t a i n t y  when managing f i s h e r i e s  o r  o t h e r  renewable 

resources  has  been concerned wi th  unce r t a in ty  o r  randomness i n  t h e  yea r  t o  

year  popula t ion  dynamics ( see  f o r  example Reed 1974; Walters 1975; 

Mendelssohn 1976, 1978; Walters and Hi lborn  1976; Mendelssohn and Sobel 

1979). P o l i c i e s  t h a t  maximize t h e  t o t a l  expected va lue  of a randomly 

vary ing  popula t ion  are contingency p l ans  t h a t  say  i f  popula t ion  s i z e  x is  

observed t h i s  y e a r ,  then t ake  h a r v e s t  a c t i o n  y .  Usual ly ,  however, 

observing t h e  popula t ion  s i z e  i s  cos t ly - - e i the r  a c o s t l y  survey is  needed 

t o  estimate t h e  popula t ion  s i z e ,  o r  else t h e  estimate normally o n l y  i s  

a v a i l a b l e  wi th  a de l ay ,  bu t  f o r  some c o s t  can  be  found c u r r e n t l y .  It  

appears  t o  be t h e  s t anda rd  gospe l  t h a t  more informat ion  on t h e  s t a t u s  of  

t h e  popula t ion  i s  always good, no matter what t h e  c o s t  expended t o  o b t a i n  

t h e  informat ion .  In t h i s  paper  a lgor i thms are d iscussed  which f i n d  opt imal  

p o l i c i e s  w i t h  informat ion  de lay  o r  surveying c o s t s .  The a lgor i thms are 

app l i ed  t o  a model of anchovy popula t ion  dynamics (MacCall 1978) and t o  

a model of salmon runs  on t h e  Wood River  o f f  B r i s t o l  Bay (Mathews 1967) .  

The r e s u l t s  s t r o n g l y  sugges t  t h a t  in many i n s t a n c e s  informat ion  is  very  

costly--more c o s t l y  than the  ga in  i n  expected t o t a l  va lue  p o s s i b l e  from 

t h e  inc reased  informat ion .  Optimal p o l i c i e s  are found f o r  no surveying  

f o r  a per iod  of N yea r s  t h a t  perform n e a r l y  as w e l l  a s  t h e  b e s t  po l i cy  

a v a i l a b l e  w i t h  complete informat ion .  
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Despi te  t h e  f a c t  t h a t  our  r e s u l t s  sugges t  t h a t  over  a broad range of  

surveying i n t e r v a l s  l i t t l e  va lue  is  added t o  management from more 

f r equen t  surveys ,  experienced managers s t i l l  s e e m  t o  deem surveys as 

important .  W e  sugges t  s e v e r a l  p o s s i b l e  reasons  f o r  t h i s  d i screpancy .  

F i r s t l y ,  our  i n t u i t i o n  i n  dea l ing  wi th  random s i t u a t i o n s  u s u a l l y  i s  no t  

t h a t  sha rp ,  and i t  i s  human n a t u r e  t o  always want a l i t t l e  more informat ion ,  

j u s t  t o  b e  s u r e .  I n  t h i s  ca se ,  d e s p i t e  t h e i r  exper ience ,  managers may be  

overeva lua t ing  t h e  worth o f  t h e  informat ion  they r ece ive .  

A more l i k e l y  exp lana t ion  i s  t h a t  managers are  u n c e r t a i n  about  t h e  

v a l i d i t y  of t h e  popula t ion  dynamics model. I n  t h i s  i n s t a n c e ,  f r equen t  

surveys  provide a d d i t i o n a l  in format ion  about t h e  t r u e  form of t h e  popula t ion  

dynamics, as w e l l  as a f i n a l  measure of s a f e t y  i f  our  management has  f a i l e d ,  

p a r t l y  because w e  do n o t  understand w e l l  even t h e  p r o b a b i l i s t i c  dynamics of 

t h e  popula t ion .  

I n  e i t h e r  case ,  our r e s u l t s  sugges t  a need f o r  a c l o s e r  examination of 

why and how w e  c o l l e c t  t h e  d a t a  w e  do,  and a l s o  our  a t t i t u d e  towards r i s k  

i n  us ing  t h i s  in format ion .  

The Nodels 

The anchovy model i s  descr ibed  completely i n  MacCall (1978) .  Unlike 

i n  t h a t  paper ,  w e  use  f i s h i n g  m o r t a l i t y ,  no t  expected c a t c h ,  as the  d e c i s i o n  

v a r i a b l e ,  and restrict  e f f o r t  t o  l i e  between 0 and 0.2.  F ish ing  m o r t a l i t y  

of 0 .2  produces expected ca t ches  over a l l  popula t ion  s i z e s  s l i g h t l y  g r e a t e r  

than t h e  d i s t r i b u t i o n  of ca t ches  over  t h e  l a s t  s e v e r a l  y e a r s .  The 

popula t ion  dynamics are:  
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6 
x = Biomass i n  yea r  t (x10 ) 
t 

Ft = Fish ing  m o r t a l i t y  i n  y e a r  t 

d = Normal random v a r i a b l e ,  zero  mean, va r i ance  = 0.2294 

c = Catch i n  y e a r  t ,  a random v a r i a b l e  

v = Value of ca tch  i n  yea r  t 

t 

t 

ci lower case  a = Discount f a c t o r  = 0.97 
a lpha  

then : 

-(Ft+0.8) 1 - &) 0.695)1'- x e -0.8) e -0. 152Ft 
(2;L) Xt+l = x e  t kd(& + (e 3.649 t 

c a t c h  i n  pe r iod  t i s :  

3. 649xt 

t F t + 0 . 8  Xt ed( o.190 +o.305xt t 
Ft c =  

-(0.152Ft+0.16) 
0 .76Ft+0.8 

and t h e  va lue  of t h e  ca t ch  c t  is  (Huppert e t  al. 1972) : 

-5 2 -0.4 
(23)  v ( c t ,  xt)  = (59.67 x c t )  - (1.8953 x 10 x ct)  - (10,315 x c t  X X * 

t 

The g o a l  i s  to :  

03 t-1 maximize E C c1 v ( c t ,  x t )  
t=l  
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The popula t ion  dynamics f o r  t h e  salmon morlel are (Mathews 1967):  

x = Number of r e c r u i t s  i n  yea r  t 

z = Number harves ted  i n  y e a r  t 

y t  = x - z 

t 

t 

= Number of spawnes i n  per iod  t 
t t 

d = Normal random v a r i a b l e ,  zero mean, va r i ance  = 0.2098 

a = Discount f a c t o r  = 0.97 

Then : 

t+l (25) X 

and i t  is  d e s i r e d  t o :  

m t-1 
maximize E C a (Xt - Y t )  

t=l 

t' s . t .  0 yt  5 x 

Since f i s h i n g  m o r t a l i t y  i s  a ra te ,  and can be  def ined  independent ly  

of t h e  popula t ion  s i z e ,  t h e  anchovy model i s  s e n s i b l e  as def ined  i n  ( 2 . 1 )  

- ( 2 . 4 )  even when t h e  p r e s e n t  popula t ion  s i z e  i s  n o t  known wi th  c e r t a i n t y .  

t '  The same is  n o t  t r u e  f o r  t he  salmon model, s i n c e  i f  by chance z > x 

t h e  s ta tement  "harvest  z " has  no meaning. I n  what fo l lows ,  i t  i s  assumed 

t h a t  z t  i s  a ca t ch  quota  each yea r ,  and t h a t  t h e  a c t u a l  c a t c h  i s  minimum 

t 

t 

( x t ,  z t ) .  - min(xt ,  z ) f o r  y t  i n  (2 .5) ,  and t h e  model 

i s  s e n s i b l e  f o r  s i t u a t i o n s  where the  number of r e c r u i t s  are n o t  known wi th  

Then s u b s t i t u t e  x t t 

c e r t a i n t y .  
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That t h e  a c t u a l  ca t ch  a l lows  f o r  p o s s i b l e  d e p l e t i o n  of  t h e  s t o c k  i s  

somewhat u n r e a l i s t i c .  

popu la t ion  s i z e s ,  i t  would be  expected t h a t  ca t ch  pe r  u n i t  e f f o r t  would 

Even wi th  a l a r g e  quota  du r ing  y e a r s  of low 

dec rease  enough t o  i n s u r e  t h a t  t h e  s t o c k  would no t  b e  completely dep le t ed .  

However, two j u s t i f i c a t i o n s  are p o s s i b l e  f o r  t h i s  assumption. F i r s t l y  

t h e  absorb ing  s ta te  zero can be cons idered  no t  as a b s o l u t e  zero,  bu t  

r a t h e r  as a l l  popula t ion  l e v e l s  such t h a t  f i s h i n g  would b e  impractical  

f o r  many y e a r s .  Secondly,  we have no b a s i s  f o r  s e t t i n g  up the p r o b a b i l i t i e s  

of t h e  a c t u a l  c a t c h  g iven  t h e  quota  and p resen t  popu la t ion  s i z e ,  and t h e  

n a t u r e  of our  r e s u l t s  sugges t  that on the whole t h i s  assumption has  no t  

s i g n i f i c a n t l y  a f f e c t e d  t h e  r e s u l t s  of t h e  a n a l y s i s .  

Algorithms and Resu l t s  

The two algori thins  used are based on t h e  work of  Sondik (1971, 1978) 

on p a r t i a l l y  observed Markov d e c i s i o n  problems. 

in format ion  w e  do know about  t h e  popula t ion  t o  r e d e f i n e  our  s ta te  i n  such 

a way t h a t  t r a n s i t i o n  p r o b a b i l i t i e s  f o r  t he  transformed states can  be 

def ined .  

s i z e  l as t  yea r  and t h e  a c t i o n  taken  last yea r .  

and wi th  some f i d d l i n g  (2.1)  o r  (2.5) can  b e  r ede f ined  f o r  t h i s  d e f i n i t i o n  

of a s ta te .  

found i n  Brooks and Leondes (1972). 

The key i s  t o  use  what 

When t h e r e  i s  informat ion  de lay ,  what i s  known is  t h e  popula t ion  

This i s  known every pe r iod ,  

Details of this s p e c i a l i z a t i o n  of  Sondik 's  a lgo r i thm can be  
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When w e  go N y e a r s  without  a survey (N = 0 impl i e s  survey every y e a r ,  

t h e  completely observed problem), s u f f i c i e n t  in format ion  i s  contained i n  a 

p r o b a b i l i t y  d i s t r i b u t i o n ,  t h e  p r o b a b i l i t y  of any given popula t ion  s i z e  

t h i s  per iod .  T h i s  a l s o  can be  readi ly  computed from (2 .1)  and ( 2 . 5 ) .  

See Sondik and Mendelssohn (1979) f o r  d e t a i l s  of  t h e  a lgor i thm.  

When N > 0,  i t  i s  necessary  t o  provide  an N 4- 1 year  contingency p l an ,  

t h a t  s ays  i f  x is t h e  popula t ion  s i z e  a t  t h e  las t  survey ,  then f o r  t h e  

next  N + 1 y e a r s  ( inc lud ing  t h e  survey yea r )  t ake  t h e  s p e c i f i e d  h a r v e s t  

a c t i o n .  

L e t  f ( i )  be t h e  opt imal  expected va lue  when s t a r t i n g  wi th  popula t ion  
fO 

sub zero s i z e  I i n  t h e  coniplctely observed model. 

expected va lue  i n  t h e  surveying  y e a r ,  when we w i l l  go N y e a r s  without  a 

L e t  f o ( € )  b e  t h e  op t imal  

survey ,  and popula t ion  s i z e  i i s  t h e  es t imated  popula t ion  s i z e .  And f i n a l l y ,  

l e t  f ( i ,  a )  be  the  expected va lue  f o r  t h e  transformed s t a t e  wi th  informat ion  

de lay .  

For computat ional  purposes,  each model was d i s c r e t i z e d .  The anchovy 

model w a s  d i s c r e t i z e d  on a g r i d  of  25 popula t ion  s i z e s  and 26 f i s h i n g  

m o r t a l i t i e s  ( inc lud ing  z e r o ) ,  whi le  t h e  salmon model w a s  d i s c r e t i z e d  on a 

Fig.  1 

Fig .  2 

g r i d  of  26 popula t ion  s i z e s  ( inc lud ing  zero)  and 26 p o s s i b l e  quotas .  

F igures  l ( a ) - ( c )  g ive  a n  opt imal  po l i cy  f o r  t h e  anchovy model w i t h  

N = 0, I, 2 ,  3 .  The l i n e s  are l i n e a r  i n t e r p o l a t i o n s  between the  c a l c u l a t e d  

p o l i c i e s  a t  t h e  g r i d  po in t s .  The f i g u r e s  compare p o l i c i e s  based on h o w  

many y e a r s  have e lapsed  s i n c e  a survey w a s  performed. 

op t imal  po l i cy  (with l i n e a r  i n t e r p o l a t i o n )  f o r  t h e  anchovy model w i th  t i m e  

F igure  2 shows an  

de lay .  



Fig.  3 

sub zero 
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Figure  3 shows t h e  fou r  opt imal  quotas  f o r  t h e  salmon model when w e  

go 3 y e a r s  wi thout  a survey ( N  = 3 ) ,  and compares i t  wi th  t h e  opt imal  

po l i cy  f o r  t h e  completely observed problem. An opt imal  p o l i c y  f o r  t h e  

salmon model wi th  information de lays  i s  not  e a s i l y  graphed, bu t  never 

a l lows  a quota  g r e a t e r  than 0 .84 .  

A s  a measure of t h e  c o s t  of t h e  informat ion ,  w e  use two measures 

throughout ,  though t h e r e  are o t h e r  measures which are both  reasonable  and 

p o s s i b l e .  

n <'N yea r s  without  a survey is  de f ined  as: 

The c o s t  of  going N y e a r s  without  a survey ,  compared t o  going 

(3.3 f; ( i ) }  

The c o s t  of  t h e  informat ion  l a g ,  compared t o  no informat ion  l a g ,  can be 

measured by: 

(3.3 CDIFF = maximum f ( i )  - minimum f ( i ,  
i 

These va lues  a re  t abu la t ed  i n  Table  1 f o r  t h e  anchovy model and i n  Table  2 

f o r  t h e  salmon model. 

Table  1 
Table  2 

Discussion 

TO determine t h e  o v e r a l l  va lue  of surveying o r  n o t ,  i t  is  necessary ,  

t o  i nc lude  t h e  c o s t s  due t o  surveying o r  making a c u r r e n t  r a t h e r  t han  

delayed popula t ion  e s t ima te .  Suppose a survey c o s t s  c d o l l a r s  a yea r ,  

_- . I  
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and t h e  c o s t  of no de lay  i s  D d o l l a r s  a yea r .  

a ,  t h e  t o t a l  c o s t  over an i n f i n i t e  hor izon  of surveying  every yea r  i s  

C / l - a ,  and t h e  t o t a l  c o s t  over an i n f i n i t e  hor izon  f o r  c u r r e n t  popula t ion  

Then f o r  a d iscount  f a c t o r  

estimates is  D / l - a .  I n  p r a c t i c e ,  C o r  D may be  d i f f i c u l t  t o  determine,  

s i n c e ,  f o r  example, t h e  survey t h a t  o b t a i n s  popula t ion  estimates f o r  

management may a l s o  provide  b e t t e r  estimates of  t h e  t r a n s i t i o n  

and o t h e r  va luab le  s c i e n t i f i c  in format ion .  

func t ions  

However, suppose w e  always go 1 year  wi thout  a survey.  

t o t a l  surveying  c o s t  is C / l - a 2 ,  and t h e  sav ings  i s  aC/ ( l -a  ) .  

surveying  every i s  p r e f e r a b l e  only  i f :  

Then t h e  

2 Therefore ,  

2 
(3.3) [I - a /a] DIFF > c 

The equ iva len t  formula f o r  2 yea r s  wi thout  a survey is: 

and f o r  3 y e a r s  without  a survey: 

4 2 
( 3  09 [(l - a / a ( l  + a + a )]  DIFF > C 

S i m i l a r l y ,  c u r r e n t  popula t ion  estimates are d e s i r a b l e  only i f :  

(1 - a )  *CDIFF > D 
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Both DIFF and CDIFF i n  ( 3 . 3 ) - ( 3 . 6 )  can b e  determined independent ly  of 

C o r  D.  Given t h i s  va lue ,  and t h e  va lue  of a ,  t h e  decisionmaker can 

dec ide  whether more informat ion  is  worth t h e  c o s t .  

A s  examples, f o r  t h e  anchovy model, ( 3 . 3 ) - ( 3 . 5 )  become f o r  a = 0 . 9 7 :  

(0.0609) ( 0 . 0 )  > C 

(0 .0457)  (0.50482) > C 

(0 .0406)  (0 .7501)  > C 

The c o s t  of  a survey would have t o  be van i sh ing ly  s m a l l  t o  make i t  

p r e f e r a b l e  t o  survey every y e a r  compared t o  surveying everyother  yea r ,  

2 yea r s  wi thout  surveying is  p r e f e r r e d  t o  surveying  every year  as long 

as t h e  c o s t  of a survey i s  g r e a t e r  than  $23,070, and 3 years wi thout  a 

survey i s  p r e f e r a b l e  t o  surveying  every yea r  i f  t h e  c o s t  of t h e  survey 

i s  g r e a t e r  than $30,454. 

1 year  wi thout  a survey i f  t h e  survey c o s t  is  g r e a t e r  than  $30,744,  and 

3 yea r s  i s  p r e f e r r e d  i f  t h e  survey  c o s t  i s  g r e a t e r  than $34,280. 

Two yea r s  wi thout  a survey i s  p r e f e r r e d  t o  

Paying f o r  t imely informat ion  is  p r e f e r a b l e  only i f  t h i s  c o s t s  less 

than  $219,548 p e r  y e a r .  

S i m i l a r l y  f o r  t h e  salmon model, surveying  every yea r  i s  p r e f e r a b l e  

only  i f  t h e  c o s t  of t h e  survey is  less than t h e  va lue  of a t o t a l  discounted 

ha rves t  of 7,260 salmon whi l e  c u r r e n t  popula t ion  estimates are  worthwhile 

i f  t h e  c o s t s  are less than  t h e  va lue  of a t o t a l  d i scounted  h a r v e s t  of  

787,020. 
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Based on t h e s e  r e s u l t s ,  i t  would appear t h a t  f r equen t  surveys  a r e  

c o s t l y ,  whi le  a cons t an t  de l ay  i n  informat ion  is expensive.  These r e s u l t s  

can be explained more f u l l y  by c a r e f u l l y  examining both  t h e  models and t h e  

opt imal  p o l i c i e s .  For t h e  anchovy model, n o t e  t h a t  t h e  t r a n s i s t i o n  ( 2 . 1 )  

is composed of a d e t e r m i n i s t i c  exponen t i a l  m o r t a l i t y  on s t and ing  biomass, 

and a random term on r ec ru i tmen t ,  which depends only on t h e  biomass a t  

t h e  beginning of t h e  per iod  be fo re  h a r v e s t i n g  has  s t a r t e d .  Within a y e a r ,  

t h e  d iscounted  biomass of one u n i t  of s t and ing  biomass wi th  no f i s h i n g  

m o r t a l i t y  and independent of r ec ru i tmen t ,  i s  0.4358. Af t e r  2 y e a r s ,  i t s  

discounted biomass i s  0.19. This sugges t s  t h a t  t h e  problem i s  r e a l l y  a 

2-,perhaps a 3-year problem. This  obse rva t ion  is  born o u t  by n o t i c i n g  

t h a t  f o r  N = 2 and N = 3 ,  t he  same p o l i c i e s  are opt imal  a t  0 ,  1, and 2 

y e a r s  a f t e r  t h e  survey .  

Moreover, t h e  completely observed opt imal  p o l i c y  ( N  = 0) has  broad 

ranges of popula t ion  s i z e s  ove r  which an opt imal  p o l i c y  i s  t h e  same. I f  

w e  do no t  survey next  y e a r ,  w e  do n o t  know t h e  popula t ion  s i z e ,  b u t  w i th  

very  h igh  p r o b a b i l i t y  w e  do know t h e  p o l i c y  t h a t  would have been chosen 

i f  a survey had been taken.  I f  t h e  i n i t i a l  popula t ion  s i z e  i s  0.100 and 

w e  fo l low an opt imal  po l i cy  f o r  N = 0, then  w i t h  a 99.9% chance w e  would 

have a popula t ion  s i z e  less than 0.700 next  yea r .  

an opt imal  po l i cy  f o r  N = 0 has  only  one va lue ,  t h a t  is  Ft = 0.  

I n  t h e  zone 0.100-0.700, 

I f  t he  i n i t i a l  popula t ion  s i z e  w a s  2.00 and an  opt imal  p o l i c y  f o r  

N = 0 were fol lowed,  then wi th  a 95.2% chance t h e  popu la t ion  s i z e  next  

y e a r  would be g r e a t e r  than 0.900. 

f o r  a n  opt imal  p o l i c y ,  Ft = 0 .2 .  

The zone 0.900-3.649 has  only one va lue  
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The salmon model e x h i b i t s  similar behavior  b u t  f o r  d i f f e r e n t  reasons .  

Here, there i s  s i g n i f i c a n t  reason  f o r  being concerned about  a much too  

h igh  quota  when no surveying i s  being performed. 

N = 0 has  a mean c a t c h  of  1,135,700 and a median ca t ch  of  980,000 ( see  

Mendelssohn 1978) .  The op t ima l  p o l i c y  f o r  N = 3 achieves  a ba lance  by 

al lowing an  increased  quota  when t h e  popula t ion  s i z e  i s  known ( increased  

by 560,000 over  most popula t ion  s i z e s )  and a sha rp ly  decreased quota  

dur ing  t h e  non-survey y e a r s ,  t o  lower t h e  r i s k  of ove r f i sh ing .  However, 

t h i s  reduced quota  is  on ly  575,700 less than t h e  mean p e r  per iod  c a t c h ,  

and only  420,000 less than t h e  median c a t c h ,  This ba lance  of an  increased  

ca t ch  t h e  year  of t h e  survey ,  and a reduced discounted c a t c h  dur ing  o t h e r  

y e a r s  e l i m i n a t e s  t h e  r e l a t i v e l y  r a r e  very l a r g e  ca t ch  dur ing  t h e  non- 

survey yea r s .  Therefore ,  going 3 y e a r s  without  surveying can produce 

almost  as l a r g e  a n  expected t o t a l  va lue  a s  surveying every y e a r ,  b u t  a t  a 

reduced c o s t  . 

The opt imal  p o l i c y  f o r  

The salmon model i l l u s t r a t e s  much more c l e a r l y  than t h e  anchovy model 

why c o n s i s t e n t  in format ion  de lays  are c o s t l y .  The key f e a t u r e  i n  going 

N y e a r s  wi thout  surveying  i s  t h a t  a t  s e t  i n t e r v a l s  of t i m e  w e  f i n d  anew 

t h e  c o r r e c t  popula t ion  s i z e .  This  a l lows f o r  t h e  management t o  s e l f - c o r r e c t .  

With t h e  informat ion  de lay ,  w e  never know t h e  t r u e  popula t ion  s i z e .  I n  

t h e  salmon model, w e  a r e  always running t h e  r i s k  t h a t  z is  very  c l o s e  t o  

x,. 

t 

Since  abso rp t ion  i n t o  very  low popula t ion  s i z e s  i s  p o s s i b l e ,  an opt imal  
c 

po l i cy  i s  weighted heav i ly  by t h i s  f a c t .  I n  f a c t ,  i t  i s  s i m i l a r  t o  

opt imal  po l i cy  f o r  t h e  non-surveying y e a r s  when N = 3,  but  does no t  

t h e  ba lanc ing  e f f e c t  of  an inc reased  ca t ch  when a survey i s  made. 

an 

have 
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Summary 

We have demonstrated t h a t  i t  is p o s s i b l e  t o  i n c l u d e  the  c o s t  of 

o b t a i n i n g  in fo rma t ion  i n t o  a s t o c h a s t i c  management model of a renewable 

r e source .  Numerical r e s u l t s  sugges t  t h a t  given a n  a c c u r a t e  t r a n s i t i o n  

f u n c t i o n  f o r  t h e  popu la t ion ,  t h e  g a t h e r i n g  of c o s t l y  information cannot 

be j u s t i f i e d  by t h e  ga ins  i n  t h e  t o t a l  va lue  of t h e  r e source .  This remark 

can be tempered by observing t h a t  t h e  in fo rma t ion  gathered f o r  one purpose 

o f t e n  has  s e v e r a l  o t h e r  u ses ,  so  t h a t  t h e  t r u e  c o s t  of o b t a i n i n g  t h e  

in fo rma t ion  may be  d i f f i c u l t  t o  determine. 

The technique we  propose a l lows  t h e  g a i n  i n  v a l u e  from o b t a i n i n g  t h e  

in fo rma t ion  t o  be c a l c u l a t e d  independent ly  of t h e  c o s t  of o b t a i n i n g  t h e  

information.  Simple formulas are then cons t ruc t ed  which s a y  t o  t h e  

decisionmaker t h a t  t h e  in fo rma t ion  is  too c o s t l y  i f  it cos ts  more than a 

s p e c i f i e d  amount. This  a l lows t h e  decisionmaker t o  use  both s u b j e c t i v e  

and o b j e c t i v e  in fo rma t ion  t o  determine t h e  worth of t h e  i n c r e a s e  i n  

information.  
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Table 1. Maximum l o s s  of t o t a l  expected economic va lue  i n  anchovy 

model from n o t  dec reas ing  survey i n t e r v a l  (x10 1. 6 

Survey One yea r  Two y e a r s  Three y e a r s  
every y e a r  between surveys between surveys between surveys - 

Survey 
every y e a r  -- 

One y e a r  
between surveys  0.0" 

Two y e a r s  
between surveys  0.50482 

-- 

0.50482 -- 
Three y e a r s  
between surveys  0.7501 0.7501 0.2603 -- 

*The d i f f e r e n c e  w a s  less than t h e  numerical  accuracy of t h e  computer 
program. 

M a x i m u m  l o s s  due t o  informat ion  de lay  = 7.31828. 



Table 2.  Maximum l o s s  i n  t o t a l  expected discounted ha rves t  of 

salmon runs ( x 1 0  ) .  6 

Loss from delayed informat ion  - > 26.234 

Loss from 3 yea r s  wi thout  a survey = 0.17882 
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